



ACB No. LkL21 


UNCLASSIFIED 


I 

i 


NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS 


WARTIME REPORT 

ORIGINALLY ISSUED 
January 19^5 as 

Advance Confidential Report LtL21 

SUMMARY OF DATA RELATING TO THE EFFECTS OF WING 
MACHINE-GUN AND CANNON INSTALLATIONS ON THE 
AERODYNAMIC CHARACTERISTICS OF AIRPLANES 
By John H. Quinn, Jr. 

Langley Memorial Aeronautical Laboratory 
Langley Field, Va. 

PROPERTY PF JET PROPULSION LABORATORY UMAR* 

■ r X. .'-1RNIA INSTITUTE OF TECH M3 LOST 



''L. -•" 

WASHINGTON 


NACA WARTIME REPORTS are reprints of papers originally issued to provide rapid distribution of 
advance research results to an authorized group requiring them for the war effort. They were pre- 
viously held under a security status but^yj^novynj^^ Some of these reports were not tech- 

nically edited. All have been reproduce^wunou^cMn^m order to expedite general distribution. 


L - 158 

UNCLASSIFIED 


NACA ACR No. lliL21 


CONFIDENTIAL 


NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS 


ADVANCE CONFIDENTIAL REPORT 


SUMMARY OF DATA RELATING TO THE EFFECTS OF WING 
MACHINE -GUN AND CANNON INSTALLATIONS ON THE 
AERODYNAMIC CHARACTERISTICS OF AIRPLANES 
By John H. ^uinn, Jr. 


>TJ] 


Data obtained from test3 of models and airplanes 
relating to the effects of' various wing armament instal- 
lations have been collected and analyzed. Three types 
of gun Installation were considered! namely, gun ports 
(submerged machine guns), protruding machine guns, 
and cannon. Data have been presented as drag-coefficient 
increments of one gun based on an area equal tc the square 
of the local wing chord and as incremental lifts for 
the complete installation based on airplane (or model) 
wing area. 

The analysis of these data revealed that a well- 
designed gun pert should have little or no effect on 
either the drag or maximum lift of an airplane. A 
well-designed gun opening in the leading edge of a wing 
should not exceed one-tenth of the wing thickness in 
height, should have provision for air flew and be 
fitted with a suitable exit vent, and should be located 
on or a few percent of the chord below the chord line. 

Gun ports that did not fall in this category were found 
to cause drag-coef ficient increments up to O.OClS and to 
decrease maximum lift coefficient by as much as 0.12. 

Gun openings at least up to 25 percent of the local 
wing thickness in height may rrield small drag increments, 
however, provided a faired nose-air-intake shape is used. 

The smallest drag-coefficient increments for 
protruding-machine-gun installations were obtained with 
machine gun3 that protruded approximately 4- nercent of 
the wing chord ahead of the leading edge of the wing, 
were located on or near the chord line, and were faired 
smoothly into the wing contour,, Unfaired guns with 
greater extensions caused drag-coefficient increments 
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uo to 0.001C, and guns mounted below the wing caused 
increments of O.OOpB. Gun extensions of at least 
0.25 chord, however, were found to have less adverse 
effect on maximum lift than shorter extensions. 

The drag-coefficient increments caused by cannon 
installations on the wing were decreased approxi- 
mately 0.0003 or 0.000 l|. by fairing the cannon into 
the wing and providing air flow. Cannon located below 
the chord line caused increments of 0.0033, or nearly 
four times the increment of an unfaired cannon mounted 
on the wing. Paired cannon located on the wing generally 
had little or no effect on maximum lift. Unfaired 
cannon located on the wing and faired cannon located 
below the wing were found to decrease maximum lift 
coefficients by as much as O.O 9 . 


IN T ROTUO T ION 


A number of investigations conducted by the 
National Advisory Committee for Aeronautics during 
the past few years have dealt in part with the effects 
of wing-armament installations on the aerodynamic 
characteristics of airplanes. The purpose of the 
present report is to group these data in some logical 
fashion to facilitate their analysis and to establish, 
wherever possible, trends for correct design. 

The armament installations considered fall logically 
into three groups: gun ports (submerged machine guns), 

protruding machine guns, and cannon. An analysis of 
the data revealed some definite trends that should be 
of considerable aid in the design of improved wing- 
armament installations, A discussion of the test 
results and of the various factors affecting the 
aerodynamic design of wing-armament installations is 
given" in the following sections. 


SYMBOLS 


Cp airplane drag coefficient 

Or airplane lift coefficient 


CONFIDENTIAL 


FACA ACR No. lL(.L21 CONFIDENTIAL 3 


c l 

section lift coefficient 

o 

r U 

O 

section profile-drag coefficient 

AC D 

incremental wing-gun drag coefficient based on 
local wing chord squared 

|^ rr> 2 ^E’model + guns ^model) 

n 

number of guns 

c 

local wing. chord at center of gun installation 

s 

wing area 

t 

maximum wing thickness 

h 

height of gun-no rt opening 

e 

extension of gun or cannon ahead of wing 

A i 

gun-port inlet area 

A e 

exit area of gun duct 

±ACr 

• u max 

R 

increment ( + ) or decrement (-) in maximum 
lift coefficient 

Reynolds n umb e r 

6 f 

angular deflection of flap 

v o 

free -stream velocity 

v i 

gun-port inlet velocity 


TESTS 


The data presented herein were obtained from two- 
dimensional wind-tunnel tests of rectangular wings, 
three-dimensional wind-tunnel tests of scale models, 
and full-scale wind-tunnel and flight tests of airplanes. 
For the two-dimensional tests, the drag was determined 
by the wake-survey method and lift was determined by 
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integrating the pressure along the floor and ceiling 
of the tunnel best section (reference 1). In all the 
other tunnels, lift, drag, and moment were obtained 
from balance measurements. Standard methods of speed 
determination 'were used in obtaining the flight-test 
data . 


PRESENTATION OF DATA 


The lift- and drag-coefficient increments, together 
with the important dimensions, are presented in table I 
for the submerged machine-gun installations, in table II 
for the protruding machine-gun installations, and in 
table III for the wing-cannon installations. Drag- 
coefficient increments, detailed sketches, and photo- 
graphs of the various installations are presented in 
figures 1 to \\$ . 

The tables alone should not be used to compare 
the various installations but should be supplemented 
by comparing the plots of drag-coefficient increment 
against lift coefficient. Because of experimental 
inaccuracies and the variation with lift coefficient, 
the drag increments at any one lift coefficient may not 
give a true indication of the relative merits of 
d if ferent ins tallati ons . 

Lift effects are shown for only three-dimensional 
models; the incremental coefficient is for the complete 
armament installation and is based on total wing area. 

In order to facilitate the analysis and use of the drag 
data, however, the increments have been presented in 

terms of the coefficient AC r , . 

u c 

PRECISION OF MEASUREMENTS 


In order to facilitate comparison of the data 
obtained in the different tunnels, probable errors in 
drag-coefficient increment have been estimated and are 
presented in tables I to III. The experimental accuracy 
was assumed to be ±1 percent of the total measured drag 
for all data not obtained by the wake-survey method. 

This accuracy is thought to approximate the limits within 
which a point may be checked, as determined from past 
experience . 
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In determining the error involved in the wake -survey 
data, a slightly different procedure was followed. In 
addition to a probable error of 1 percent in the drag- 
coefficient increment, there was the possibility that 
the spanwise drag curve might not taper off to the 
correct plain-wing drag at either end. For each of the 
tests made by the wake-survey method, therefore, the 
error given in tables I to III was obtained from the 
expression » 

Error = 0.01 ACp + Estimated error due to curves not 

returning to correct base lines 

The values of the probable errors in the drag- 
coefficient increments of armament installations as 
measured on a wing model and on an airplane or model of 
the airplane differ considerably. This difference 
occurs because the drag of a gun installation on a wing 
model often is of the same order of magnitude as the 
drag of the model, whereas the drag of the armament 
installation on a complete airplane is but a very small 
part of the airplane drag. 


DISCUSSION 


The discussion of the data presented is divided 
into three sections: gun-port, protruding machine- 

gun, and cannon Installations. Under each of these 
headings, the effect of several significant parameters 
on the lift and drag characteristics of the model upon 
which the guns we re mounted is discussed. Although the 
greater part of the discussion deals with the effect of 
wing guns on the drag of the airplane, maximum lift 
effects are presented wherever available. The available 
tests showed that the effects of wing-armament instal- 
lations on the pitching-moment characteristics of an 
airplane were negligible. Pitching-moment data, 
therefore, are not presented. 

In several cases, the results obtained with gun 
installations on airrlanes do not agree with the results 
obtained with gun installations on models. The effect 
of an actual gun installation depends to a large extent 
upon the surface condition of the wing upon which it 
is mounted, because rough wing surfaces or poor wing 
construction may partly mask the adverse effects of a 
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relatively poor gun installation. In order to find 
the true effect of an armament installation on a 
particular airplane, therefore, full-scale data should 
he used. Data from model tests are used in the deter- 
mination of the separate effects of the various factors 
that enter into the aerodynamic design of a wing- 
armament installation. 


Gun Ports (Submerged Machine Guns) 

The effects of a well-designed gun port on the 
aerodynamic characteristics of a smooth wing are small. 
The important factors to be considered in the design of 
such a gun port are discussed in tho following order: 
the air flow through the gun port, the height of the por 
with respect to the wing thickness, and the position of 
the gun wort with respect to the wing chord line. 

The effect of air flow on the drag-coefficient 
increment of a gun port was investigated by tests with 
and without air flow on a model of the wing of the 
XP-)i7B airplane (table I, fig. 1). At a lift coeffi- 
cient of 0.2 without air flow the gun port caused a 
drag-coefficient increment of 0 . 0005 , whereas the 
same port with air flow caused an increment of 
only 0.0001. Prom this result it appears advantageous 
to provide a suitable exit vent for the gun oo'-’t and to 
permit the air to flow around the g\m and to exhaust 
at some point on the wing. In this test the air was 
vented to the upper part of the aileron slot. In prac- 
tice, air usually flows through the gun port, although 
a suitable exit vent is rarely provided. In most cases, 
the air that enters the gun port leaks out into the air 
stream through a wing joint or through the fuselage. 

The advantage of having air flowing through the gun port 
is thus partly realized, but the gain is often more than 
offset by the nower required to overcome the loss 
resulting from leakage,, which causes an external 
disturbance. Inasmuch as some air almost always flows 
through the port of an actual installation, the greater 
part of the discussion will deal with the analysis of 
the aerodynamic effects of other parameters with air 
flowing. 

The wing of the XP -63 airplane (table I, figs. 2 
and 3) and a model of the modified XP-lfl airplane 
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(table I, figs. I4. and 5 ) were tested to find the effect 
of gun-port height on the drag-coefficient increment 
caused by a gun port. (See reference 2.) Increasing 
toe gun-port height is shown to increase the drag 
increment. The drag increment for the gun port on a 
model of the XFij.U-1 airplane, which has a large inlet 
height (table I, figs. 6 and 7 ) was about the same as 
the increment for the larger gun port on the model of 
the modified XP-I 4 .I airplane. From inspection of these 
data and of those for the X?-k 73 wing section, gun 
ports having a height up to approximately 10 percent 
of the wing thickness (O.lOt) appear to cause little or 
no increase in the wing drag. Tests of the Fij.U-1 
(table I, figs. 8 and 9) and XF2A-2 (table I, figs. 10 
and 11) airplanes in the Langley full-scale tunnel show 
lower drags than would be predicted from model tests. 
Inasmuch as the wings of these airplanes were unusually 
rough, It might be exoected that the adverse effects 
of large gun-port heights are partly masked in these 
cases . 

A low-drag gun port with three types of front 
opening was developed (table I, figs. 12 and 13 , and 
reference 3) to obtain a gun port having a height that 
was large with respect to the wing thickness and yet 
having low drag. The gin ooenings, which are 25 percent 
of the thickness of the bulged portion of the wing in 
height, owe their low-drag properties to a faired nose- 
air-intake shape at the entrance. These inlets were 
designed by use of the findings of the tests reported 
in reference lj. . If it Is necessary to have an opening 
that is large with respect to the wing thickness, a 
similar faired nose-opening shape should be used. 

Large openings may possibly be avoided by moving the 
breech of the gun for aiming rather than the muzzle. 
Small openings and consequently low drag increments 
would then be possible. 

In order to determine the effect on drag of the 
position of the gun norts with respect to the chord 
line of the wing, a comnarison was made of the drag- 
coefficient increments for the gun ports 0.5 percent 
chord ( 0 . 005 c) and 2.6 nercent chord ( 0 . 026 c) above 
the chord line of the wing of the XF2A-2 airulane 
(table I, figs. 10 and 11, and reference 5). The gun- 
port position nearer the chord line was found to result 
in the smaller increment. Similarly, it is seen from 
table I and figure 3(a) that a gun port 0.0l8c high 
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by 0 . 033 c wide centered on the chord line of a model 
of the wing of the XP -63 airplane caused a negligible 
increase in drag. Comparison of the spanwise drag 
surveys for similar gun ports on and slightly below 
the chord line (fig. 3 )> however, ahowsno important 
difference resulting from positions on the chord line 
and below the chord line. Because of the limited travel 
of the survey apparatus, it wa3 difficult to obtain 
a complete spanwise drag survey for these gun ports, 
but reasonable estimates of the extent of the curves 
and the area under them (proportional to the drag 
increment) ma;v be made. Gun ports 0.012c by 0.026c 
and 0.015c by 0.02.7c centered O.Olipc below the chord 
line, both of which are smaller in height and width 
than the 0 . 0 l 8 c by 0 . 053 c gun port on the chord line, 
caused somewhat larger drag increments than the gun 
port on the chord line. The 0.055c by 0.033c gun 
nort centered below the chord line, however, probably 
has a slightly smaller drag than the 0 . 021 c by 0 . 033 c 
gun port on the chord line. These results indicate 
that gun ports centered on or slightly below the 
chord line caused smaller drag increments than gun 
ports centered above the chord, line, A reasonable 
explanation p or this conclusion may be obtained from 
consideration of the stream lines about the wing at 
the cruising lift coefficient. If the cruising lift 
coefficient is equal to or greater than the design 
lift coefficient of the wing, the stagnation point is 
at or slightly below the chord line. Gun ports 
centered aho\ r e the chord line, in a high-velocity 
region, thus have more adverse effect than gun ports 
located in the low- velocity region in the neighborhood 
of the stagnation point. 


The drag-coefficient increments for gun ports on 
a model of the wing of the XA-lpl airplane, where no 
air flow was provided (table I, figs, lip to l 6 ) , showed 
that the gun rort3 on or near the chord line caused 
larger drag increments than those above or below the 
chord line, and these drag increments without air 
flow in nearlv every ca 3 e were much larger than any 

r 1 


measured with air flow. One such 


port , 


16 t 


percent 


of the wing thickness in height and centered slightly 
above the chord line, caused a drag-coefficient increment 
of 0.0018. Without air flow, the gun ports on or near 
the chord line, depending upon their size, probably 
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sdoU flow on both siirfaces, where as gun ports above or 
below the chord line spoil flow on only one surface. 

The gun ports above the chord line caused larger drag 
increments than gun ports centered below the chord 
line even without air flow. 

Three gun-oort configurations were tested on the 
P-51B airnlane in the Langley full-scale tunnel 
(table I, figs. 17 and l 8 ). The gun port was tested 

( 1 ) in the service condition (gun port open), 

( 2 ) covered with tare that was torn to simulate the 
eonditon after firing, and ( 3 ) covered with metal 
plates having holes just large enough to allow the 
passage of a~bullet. The results of these tests are 
given "in table I and figure l3. The taped gun ports 
gave slightly lower drag increments than the service 
gun ports. The cover plates having small holes resulted 
in the best arrangement tested on this airplane. 

An examination of the effect of the various gun 
port 3 on the maximum lift coefficient (table I) indicat 
that few of the installations had serious adverse effec 
The large loss in maximum lift coefficient of 0.12 on 
the P-51B airplane probably occurred because the gun 
port v/as 26 percent of the wing thickness in height. 


Protruding Machine Guns 

Because of space limitation or other considerations, 
it is often necessary to install machine guns that 
protrude ahead of the leading edge of the wing. The 
most important variables affecting the design of a 
protruding machine-gun installation from aerodynamic 
considerations are the position of the gun with respect 
to the chord line and the extension of the gun barrel 
ahead of the leading edge of the wing. 

Several gun extensions and two oositions with 
respect to the wing chord line were tested on the 
XF2A-2 airnlane in the Langley full-scale tunnel 
(table II, figs. 10 and 20). An extension of 0.028c 
caused a lower drag-coefficient increment than a 
0 . 139 c extension, but the drag of the 0.139° extension 
was essentially the same as that of the 0 . 25 l^c extension. 
The 0.139c extension was tested 0.003c and 0.026c above 
the chord line. The position nearer the chord line 
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yielded the lower drag increments c Protruding machine- 
gun installations were also tested on a model of the 
modified XP~1|1 airplane and on the F6r-3 airplane 
(table II_, figs. 21 to 23). The 0«100c extension on 
the modified XP-li-1 airplane caused about the same drag 
as the 0 , 139 c extension 0 . 005 c above the chord line of 
the wing of the XF2A-2 airplane. The lowest drag- 
coefficient increment for protruding machine guns 
(''ACr, - O.OOClj was obtained with the Jp-percant-chord 

extension mounted 0,G2c above the chord line of the 
wing of the f6f- 5 airplane. For these tests, the guns 
were provided, with a well-designed smooth fairing. 

The O.lbc gun extension on the XP -63 wing model 
(table II, figs. 24. and 23 ) caused the highest drag- 
coefficient increment ^ACp c = 0,0010^ of an;/- protruding 

gun mounted, on or near the chord line*. The large drag 
increment of th ‘ s installation is due to the laminar 
flow that was spoiled on the low-drag wing. From the 
foregoing results, it appears that short well-faired 
gun extensions and mounting positions on or near the 
chord line will have the lowest drag, 

Uncerslung machine guns were tested on a model of 
the wing of the XF -63 airplane, on the P- 63 A airplane, 
and on a model of the XA-2b airplane. Sketches and 
drag data for these arrangements are presented In 
table II and figures 2ip to 27 . A comparison of the 
drag of the underslung arrangements and the drag of the 
arrangements having guns fixed at or near the chord 
line (table II) shows that the drag-coefficient 
increments caused by the underslung guns, often as 
much as 0.003S, are excessive. At a lift coefficient 
of 0.2, the underslung arrangement on the XP -63 wing 
model caused an Increment approximately 60 percent 
greater than the gun mounted on the chord line. (See 
fig. 2S.) The installation on the P- 65 A airplane, 
which represents the manufacturer’s best attempt to 
reproduce the model installation, caused a drag 
increment approximately twice that of the model instal- 
lation. Sealing the ejection slots and the annular 
space between the gun barrel and fairing on the airplane 
reduced the drag increment of this installation slightly. 
The poor agreement between the installation and the model 
installation tested in the Langley two-dimensional low- 
turbulence pressure tunnel i3 probably due to leakage 
around the barrel through the holes in the cooling 
jacket cn the actual installation. 
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Some observations concerning the effect of gun 
extensions on maximum lift may be made by comparing 
the decrements measured on the XF2A-2 airplane in the 
Langley full-scale tunnel (table II). The 0.023c 
extensions mounted 0.026c above the chord line decreased 
the maximum lift coefficient O.lii, whereas the 0.129c 
extensions mounted 0,00pc above the chord line caused a 
decrease of 0.13. The O.29I4.C extension, however, 
mounted O.OO^c above the chord line decreased the 
maximum lift coefficient by 0.09* It appears that gun 
extensions of at least C.25c are less detrimental to 
maximum lift than shorter extensions - probably because 
the separation at the tip of the short extension passes 
close to the upper surface of the wing and spoils the 
flow, whereas this separation for the long guns passes 
farther above the wing and has less detrimental effect. 

A number of wing-gun fairings were tested in flight 
on the FlpF-3 airplane to improve the maximum life and 
stalling characteristics. (See reference 6.) Photo- 
graphs of the various fairings are presented in fig- 
ure 23. The addition of unfaired gun3 to the otherwise 
clean airplane caused a considerable increase in 
stalling speed. Tests of a number of fairings indicated 
that a faired sealed opening for the submerged gun and 
a sealed fairing on the protruding gun resulted in 
practically no change in stalling speed from that of 
the plain wing and also aided in correcting the poor 
stalling characteristics of the airplane. Unsealing 
these fairings, however, caused a loss in maximum 
lift coefficient of 0.26. The pertinent data for 
these arrangements are given In table II. 


Wing-Cannon Installations 

Wing- cannon installations may be best compared on 
the basis of the mounting position with respect to the 
chord line, the tyne of cannon fairing, and the provision 
for air flow. 

Two underslung and one partly submerged cannon 
installations were tested on the XF2A-2 airplane in the 
Langley full-scale tunnel (table III, figs. 29 and 30). 

At a lift coefficient of 0.2 the best underslung 
arrangement caused a drag-coefficient increment 
^ACp c = 0.0033) 170 percent greater than the partly 
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submerged installation. This result again shows that 
the drags of underslung arrangements are excessive. 

Cannon installations on a conventional airfoil 
section and several low-drag sections were tested in 
the Langley two-dimensional low -turbulence pressure 
tunnel (table III, figs. 31 and 32). As might be 
expected, the increment in drag coefficient was greater 
on the low-drag sections than on the conventional 
section since more laminar flow was spoiled on the low- 
drag sections (fig. 32(a)). Tests with two different 
cannon extensions and with a rough spot on the leading 
edge of the FAC \ 66(213 )~2l6 airfoil section yielded 
anproximately equal drag increments (fig. 32 (b)). 

The rough snot, which was made up of carborundum 
grains having an average diameter of 0.01 Inch 
attached to the airfoil with shellac, covered the 
same area as the cannon having the 0 .l 6 c extension. 

The resiilts indicate that when a considerable amount 
of leading-edge area is covered by the armament instal- 
lation, the amount of flew spelled by the interference 
at the juncture of the cannon and wing is more important 
than the extension ahead of the wing. At higher lift 
coefficients the drag increments of the cannon exceeded 
that of the rough spot. Separation of the flow from 
the protruding cannon and the increased frontal area of 
the cannon are responsible for this increase in drag. 

All tests of models of the XFlliC-2, X?6 f, 
and XFIj.U- 1 airplanes in the Langley lQ-foot pressure 
tunnel (table III, figs. 33 to 36 ) showed that the 
drag-coefficient increments caused by the wing-cannon 
installation may be decreased 0.00C3 or O.OOOlj. by 
providing fairings similar to the ones that gave the 
least drag when installed on those models. The best 
faired cannon for these three tests caused approxi- 
mately equal brag-coefficient increments regardless 
of the extension, position on the wing, or the airfoil 
section upon which they were mounted. (See fig. 36 .) 

Several fairings and various amounts of air flow 
were tested in conjunction with wing cannon, on a model 
of the wing of the XA-lpl airplane in the Ames 7 - by 
10-foot tunnel (table III, figs. 37 anc ^ 38). Neither 
the surface to which the air was discharged nor the 
amount of air flow had any effect upon the drag- 
coefficient increment, at least at inlet- velocity 
ratios above 0.26. At a lift coefficient of 0.2, the 
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drag Increment of the cannon with short fairings was 
decreased 50 percent by providing air flow through the 
model. This was the lowest drag of any arrangement 
tested on this wing. 

The faired cannon on the P-51B airplane (table III, 
figs. 39 and J 4 .O) caused a higher drag Increment than tho 
unfaired installations on the FlpU-l and f6f-3 airplanes 
(table III, figs, kl to k3 ) • The adverse effects of the 
unfaired cannon are probably partly masked by the 
unusually rough wings on the latter two airplanes. 

Table III indicates that the unf aired cannon 
installation caused more adverse effect on the maximum 
lift coefficient than the faired cannon. As a general 
rule, the loss in maximum lift was greater with flaps 
extended than retracted. The wide fairing on the 
under slung cannon on the XF2A-2 airplane (fig. 22) 
decreased the maximum lift 0.09 (table III) as compared 
to a decrease of O.Ck for the narrow fairing on the 
underslung installation and hr the partly submerged 
installation. A suitably faired under 3 lung cannon 
installation, therefore, need not result in an appre- 
ciably greater loss in maximum lift coefficient than 
a partly submerged installation. 


CONCLUDING REMARKS 


From the analysis of the effects of wing-armament 
installations on the lift and drag characteristics of 
airplanes, the following general statements anpear to be 
justified : 

In order to decrease the drag-coefficient increments, 
air flow should be provided through gun ports. A 
suitable exit vent should also he provided to minimize 
the leakage losses. The drag of a gvui port Increases 
a 3 its height increases, but a gun port with a height 
no greater” than approximately one -tenth of the wing 
thickness should cause little or no additional drag. 

In order to obtain the smallest drag increase, gun ports 
should be located on or slightly below the chord line 
of the wing. Gun ports that satisfy the preceding 
conditions should have little or no effect on either 

drag or maximum lift. A gun port l6y percent of the 


CONFIDENTIAL 


CONFIDENTIAL 


NACA AC 3 No. L)+L21 




wing thickness in height, centered slightly above the 
chord line, and without air flow, caused a drag- coefficient 
increment of 0 . 0018 , whereas another gun nort 26 rsrcent 
of the wing thickness in height decreased the maximum 
lift coefficient by 0.12. It is possible to use a gun 
ooening larger than 10 percent of the wing thickness 
with a°mi nimum of drag increase, however, nrovided a 
faired nose-air-intake share is used. 

Short, faired, gun extensions located on or near 
the chord, line caused the lowest drag-coefficient 
increments of nro trading machine-gun installations. 

A faired gun extending y oercent chord ahead of the 
leading edge of the wing and located 0.02 chord above 
the chord line caused a drag-coefficient increment of 
only 0.0001, whereas an unfaired gun centered on the 
chord line with a 19-percent-chord extension caused 
an increment of 0.0010. The drag increments of guns 
mounted below the wing were excessive in every case; 
for example, one such installation caused an increment 
of O.OO38, 

The drag-coefficient increments caused by cannon 
installations on the wing were decreased 0.0003 or O.OOOJ4. 
by fairing the cannon into the wing. Cannon mounted 
below the wing caused increments of O.OO38 or nearly 
four times the increment of an unfaired installation 
mounted on the wing. Faired cannon located on the wing 
generally had little or no adverse effect on maximum 
lift, hut unfaired cannon located on the wing and faired 
cannon located below the wing were found to decrease 
maximum lift coefficients by as much as 0.09. 

Langley Memorial Aeronautical Laboratory 

National Advisory Committee for Aeronautics 
Langley Field, Va . 
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CONFIDENTIAL table i.- gun-port installations 


Gun-port 

installation 

Figure 

Configuration 

Source 

of 

data 

(a) 

Reynolds 

number 

Airfoil 

section 

Wing 

chord 

(in.) 

Gun-port 
height 
(percent t) 

Entrance- 
area retio, 
Ai/tc 

Exit-area 

ratio, 

A./A1 

Gun-port 
position 
relative to 
chord line 

Results 

AC Dc at C L = 0.2 
(b) 

<c) 

w 

1 

XP-I4.7B 

LTT 

8.7 x 10 6 

NACA 

66,2-115 

80 

10.4 

0.0013 

0.33 

On 

0.0001 to. 00003 


0 

0.0005 *0. 00003 



2 

5 

XP-63 

LTT 

5.2 

NACA 

66(2x15) -216 

50 ‘ 

10.9 

0.0028 

0.28 

On 

0 to. 00015 


13.3 

0.0034 

0.23 

0.0008 to. 00015 



4 

5 

XP-I4 

(modified) 

19-ft 

PT 

6.15 

NACA 

66,2-018 

55.5 

4.7 

0.0009 

1.00 

0.001c 

below 

0 to.0001 

0 

3 

15.6 

0.0035 

0.26 

0.0005 to. 0001 


6 

7 

XF4U-1 

19-ft 

PT 

2.8 

NACA 

23011* 

36 

19.6 

0.0043 

0.25 

On 

0.0005 to. 0002 

0 


8 

9 

Fl+U-1 

FST 

7.6 

NACA 

23011* 

98 

14.3 

0.0023 


0.002e 

above 

0 to. 0002 

0.07 


10 

11 

XF2A-2 

FST 

5.5 

NACA 

230 ( 13 . 9 ) 

71 

21.6 

0.0057 


0.005c 

above 

0 to. 0003 

-0.06 



0.026c 

above 

0.0007 to. 0003 

-0.01 


. CONFIDENTIAL 

“The abbreviations used apply to the following tunnels: 

LTT, Langley two-dimensional low- turbulence tunnel NATIONAL ADVISORY 

19-ft PT, Langley 19-foot pressure tunnel COMMITTEE FOR AERONAUTICS 

FST, Langley full-scale tunnel 
Ames 7 x 10, Ames 7- by 10-foot tunnel 

k Baaed on Wing area * (Local chortf)*j one gun; estimated precision also given. 

c Based on total wing area, all guns. 
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Gun-port 

Installation 

Figure 

Configuration 

Source 

of 

data 

(a) 

Reynolds 

number 

Airfoil 

section 

Wing 

chord 

(In.) 

Gun-port 
height 
(percent t) 

Entrance- 
area ratio, 
Ai/tc 

Exit-area 

ratio, 

Ae/Ai 

Gun- port 
position 
relative to 
chord line 

Results 

ACd c at Cl = 0.2 
(b) 

ACLmax 

( 0 ) 


12 

15 

Low-drag 
gun port 

LTT 

3.8 x 10 6 

MAC A 

66(2151-21} 

36 

25.0 

0.027 

.026 

.019 

O.56 

% 

On 

0.0002 *0.00005 


— 

111 

16 

\ 

XA-1/.1 

Arnea 

7 x 10 

6 .J 5 

NACA 

64,3x-320 

U8 

12.9 

0.0031 

0 

0.0l6c 

below 

0.0003 to. 0001 


0.008c 

below 

0.0008 to. 0001 

On 

0.0009 *0.0001 


16.5 

0.001+3 

0 

On and 
0.005c 
above 

0.0018 to. 0001 


0.005c 
and .‘010c 
above 

0 . 0011 + to.OOQl 

/ 7 

17 

18 

P-51B 

FST 

6*5 

Compromise 
low drag 

15.5 
percent 
thick 
(minimum 
pressure at 

o.Uc) 

83 

26.2 

Gun port 
open 


On 

0.0003 to. 0002 

-0.12 



Tape 

torn 


0.0002 to. 0002 

-0.05 

IB 

5-8 

O.OOOl;. 

0.0001 to. 0002 

-0.02 
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a The abbreviations used apply to the following tunnels: 

, NATIONAL ADVISORY 

LTT, Langley two-dimensional low-turbulence tunnel COMMITTEE FOR AERONAUTICS 

19-ft PT, Langley 19-foot pressure tunnel 
FST, Langley full-scale tunnel 
/tales 7 x 10# Ames 7“ by 10-foot tunnel 

b Based on Wing area * (Local chord) 2 ; one gun; estimated precision also given. 
c Based on total wing area, all guns* 
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TABLE II.- PROTRUDING MACHINE-GUN INSTALLATIONS 


Protruding 

machine- 

gun 

installation 

Figure 

Configuration 

Source of 
data 
(a) 

Reynolds 

number 

Airfoil 

section 

Wing 
chord 
(in. ) 

Gun 

diameter 
(percent t) 

Gun 

extension 
(percent c) 

Machine-gun 
position 
relative to 
chord line 

Results 

AC Dc at C L = 0.2 

4C w 


19 

20 

XF2 A-2 

PST 

5.5 x 10 6 

NACA 

230(13-9) 

72 

21.8 

2.8 

0.026c 

above 

0.0001+ *0.0003 

-0.11+ 


13.9 

0.026c 

above 

0.0007 ±0.0003 

— 

13.9 

0.005c 

above 

0.0003 ±0.0003 

-0.13 

25.1+ 

0.005c 

above 

0.0001+ ±0.0003 

-0.09 

w 

21 

23 

xp-Ui 

(modified) 

19-ft PT 

6.2 

NACA 

66,2-018 

35.5 

11.7 

10.0 

0.002c 

below 

0.0001+ ±0.0001 

0 


22 

23 

F6F-3 

FST 

8.0 

NACA 

25015 

103 


3.9 

(av. ) 

0.022c 
above 
(cv. ) 

0.0001 ±0.0002 

-0.05 


2l+ 

25 

XP-6J 

TDT 

6.0 

NACA 

66(215 )-ll6, 

a = 0.6 

21+ 

13.8 

19.1 

On 

0.0010 ±0.00001+ 



21+ 

25 

XP-63 

TDT 

6.0 

NACA 

66(215 )-ll6, 

a = 0.6 

21+ 

13.8 

19.1 

0.110c 

underslung 

0.0016 ±0.00006 



21+ 

25 

P-65A 

FST 

6.1+ 

NACA 

66(215 )-n6 

72 

15.8' 

19.1 

0.110c 

underslung 

bo. 0038 ±0.0007 

0.01 

CO. 0031 ±0.0007 



26 

27 

XA-26 

19-ft PT 

3.6 

NACA 

65(2l6)-2l5, 

a = 0.8 

22 

13.5 

6.1+ 

-2.0 

0.11+7© 

uncerslung 

0.0026 ±0.0006 

0 

Sealed 

28 

Fl+F-3 

Flight 



106 


5.5 

and 

0 

0.002c inboard 
0.001c outboard 
above 


0 

Unsealed 





-0.26 


a The abbreviations used apply to the following tunnels: 

PST, Langley full-scale tunnel 

19-ft PT, Langley 19-foot pressure tunnel 

TDT, Langley two-dimensional low-turbulence pressure tunnel 
bunsealed. 
c Sealed. 
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TABLE III.- WING-CANNON INSTALLATIONS 


wing-cannon 

Installation 

Remarks 

Figure 

Conf Igurat ion 

Source 

of 

data 

(a) 

Reynolds 

number 

Airfoil 

section 

Wing 

chord 

(In.) 

Root diameter 
of fairing 
(percent t) 

Cannon 
extension 
(percent c) 

6 f 

(deg) 

Cannon 

position 

relative 

to 

chord line 

Results 

ACjj^ at Cj^ — 0.2 

ACr 

Mnax 


Pairing 1 
Fairing 2 

29 

30 

XF 2 A -2 

FST 

5.5 x 10 6 

NACA 

230 ( 13 . 9 ) 

72 


Unde rs lung 

0 

Approx. 

0.10c 

below 

0.0046 ±0.0007 

-0.09 

0.0038 ±0.0007 

-0.05 


Subme rged 

69.1 

49 

On 

0.0014 ± 0.0007 

-0.04 



31 

32 

20-ram 

cannon 

TDT 

6.0 

NACA 

23015 


26.0 

16.5 

0 

0.006c 

below 

0.0004 ±0.00002 


NACA 

65 .J-U 8 

24 

21.7 

0.0006 ±0.00003 

NACA 

66(215 )-2l6 

36 

2 k-h 

0.0008 ±0.00004 


58.2 

34.1 

0.012c 

below 

0.0009 ±0.00004 

Rough spot 


0 


0.0008 ±0.00004 


Pairing A 

33 

36 

XFlJ+C -2 

19-ft 

PT 

5.5 

N-71 

16.2 percent 
thick 

39.7 

31.5 

16.7 

inboard 

and 

2k. 9 

outboard 

0 

Below 

0.0005 ±0.0002 

0 


Pairing B 

0.0002 ±0.0002 

0.02 


50 


-0.07 


Uhfalrsd 

31 * 

36 

xf6f 

19-ft 

PT 

6.15 

NACA 

65 ( 3 l 8 ) -1 ( 18 • 5 ] 

39 

10.3 

5 . 4 - 

Inboard 

and 

17.7 

outboard 

0 

On 

0.0005 *0.0001 

-0.08 

35 


-0.26 

Round 

fairing 

0 

0.0005 ±0.0001 

0.04 

35 


-0.12 

Rarorbaok 

fairing 

0 

0.0002 ±0.0001 

0.02 

35 


- 0.07 


a The abbreviations used apply to the following tunnel*: 

FST, Langley full-scale tunnel NATIONAL ADVISORY CONFIDENTIAL 

TDT, Langley two-dimensional low -turbulence pressure tunnel COMMITTEE FOR AERONAUTICS 

19 -ft PT, Langley 19-foot pressure tunnel 
Ames 7 x 10 , Ames 7 “ by 10 -foot tunnel 
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TABLE III.- NINO-CANNON INSTALLATIONS - Concluded 



F3T, Langley full -seal# tunnel CONFIDENTIAL NATIONAL ADVISORY 

TDT, Langley two— dljaene Iona 1 low- turbulenea pressure tunnel COMMITTEE FOR AERONAUTICS 

19-ft PT, Langley 19 -feot pressure tunnel 
Ames 7 x 10, Asms 7 - bp 10-foot tunnel 
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Fig. 1 



Figure 1.- Gun port on model 
XP-47B airplane. Gun-port 
10.4 percent t. 

CONFIDENTIAL 



of wing of 
diameter. 
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Figure 2.- 


Gun-port installations on model of wing of XP-63 airplane 
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Figs. 3a, b 


Gun-port dimensions ^D c 

Height Width 



(a) Gun ports on chord line. 
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(b) Gun ports 0.014c below chord line. 
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Figure 3«- Spanwise drag variation of several gun-port installations on 
model of wing of XP-63 airplane. Cj = 0.16> R = 5.2 X 10 6 . 
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Figure 4.- Gun-port installations on wing of model of modified XP-41 airplane. 
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Figure 5.- Drag increments of gun ports on wing of model 
XP-41 airplane in Langley 19-foot pressure tunnel. R 


of modified 
= 6.15 X 10 6 . 
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: -scale model of XF4U-1 airplane. 


2.75 

Gun ports are of 1-inch diameter with exits ahead of flap. 
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Figure 7.- Drag increments of gun ports on wing of model of XF4U-1 
airplane in Langley 19-foot pressure tunnel. R = 2.8 X 10®. 
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0 .2 .3 4 .5 

Airplane lift coefficient, C L CONFIDENTIAL 


Figure 9*- Drag increments of gun ports on wing of F4U-1 airplane 
in Lan-gley full-scale tunnel. R = 7.6 X 10 6 . 
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Figs. 10a, b,c 






(c) Typical gun sleeve. 

Figure 10. - Details of gun mounts on XF2A-2 airplane. 
CONFIDENTIAL 


Drag-coefficient 
increment, AC 
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Airplane lift coefficient, C T 
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Figure 11.- Drag increments of gun ports on wing of XF2A-2 airplane in 
Langley full-scale tunnel. R = 5.5 X 10^. 
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Fig. 12a 



Type i 
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(a) Front view of three types of opening. 
Figure 12.- Details of openings of low-drag gun port. 
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Rear view. 



Front view. 

(b) Type 3 opening. 
Figure 12.- Concluded. 
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NACA ACR No. L4L21 Fig. 12b 
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Figure 13.- Drag increments of low-drag gun port in Langley two-dimensional 

low-turbulence tunnel. R = 3.8 X 10 6 . 
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Figure 14.- Cannon ports on model of wing of XA-41 airplane. 

(This arrangement also tested with 0.032c diam. holes 0.005c 
above chord and 0.034c diam. holes 0.010c above chord. ) 
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Figure* 15.- Machine-gun ports on model of wing of XA-41 

These holes also tested centered 0.0082c and 0.0165c 
chord.) 


airplane . 
below 
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Fig. 16 


Hole diam. 

o 0 . 026c 
+ . 026c 
X • 026c 
□ -033c 
O .033c 


Position relative 
to chord line 
0.016c below 
.008c below 
On 

On and .005c above 
•006c and .010c above 



Figure 16.- Drag increments of gun ports on model 
in Ames 7- by 10-foot tunnel. No flow through 


of wing of XA-41 airplane 
ports. R = 6.35 X 10^. 
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Figs. 17a, b,c 



(a) Gun ports open. 



(b) Gun ports sealed with tape. 



(c) Gun ports covered with metal plates 
having holes of 5.3-percent thick- 
ness to allow passage of bullet. 

Figure 17.- Gun ports on P-51B airplane. 
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Figure 18«- Drag increments of several gun-port installations on P-51B 
airplane in Langley full-scale tunnel. R = 6.5 X 10 6 * 
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Figure 19.- Machine-gun extensions on XF2A-2 airplane 
0.254c gun extension not shown. 


0.026c or 0.005c; 
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Figure 20»- Drag increments of machine-gun installations on XF2A-2 
airplane in Langley full-scale tunnel. R = 5.5 X 10 6 . 
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Fig. 21 



Figure 21.- Machine-gun installation on model 
of modified XP-41 airplane. 
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Fig. 22 



Figure 22.- Service gun fairings on F6F-3 

airplane . 
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Drag-coefficient increment. 
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(a) service gun fairings on F6F-3 airplane in Langley full- 
scale tunnel. R = 8.0 X 10 6 . 



(b) 


Machine-gun installations on model of 
in Langley 19-foot pressure tunnel. 


modified XP-41 airplane 
R = 6.2 X 10 6 . 


Figure 23.- Drag increments of two machine-gun installations 
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( a ) 


Gun mounted on chord line of model of 
Figure 24.- Machine-gun installations 


wing of XP-63 airplane, 
for XP-63 airplane. 
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(b) Machine-gun mount on model of XP-63 wing and on P-63A airplane. 
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Figure 24.- Concluded. 
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Figs. 25a, b 


o Unsealed installation 


o 

Q 



(a) Drag increments of gun installation on P-63A airplane 
in Langley full-scale tunnel. R = 6.4 X 10 6 . 

O Submerged gun 


► 002 


,001 














-p- 








+ 




3 


— G 




0 ^ 












CO 

r lu 

if 

AL ADV 
FOR AEf 

SORT 

ONAUTIC! 


-4 -.2 o .2 .k .6 .8 

Section lift coefficient, c^, and airplane lift coefficient, C L 


(b) Drag increments of two gun installations on model of wing of 
XP-63 airplane in Langley two-dimensional low-turbulence 
pressure tunnel. R = 6.0 X 10 6 . 

Figure 25.- Drag increments of machine-gun installations on model 
of wing of XP-63 airplane and on P-63A airplane. 
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Figure 26 «” Machine-gun mount on model of XA -26 airplane. 
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Figure 27.- 
ai rplane 


Drag increments of gun installation 
in Langley 19-foot pressure tunnel. 


on 
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model of XA-26 
= 3.6 X 10 s . 
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Fi gs . 28a, b 



(a) View of projecting gun in unfaired 

condition with submerged gun removed. 



(b) View of fairing 1 on submerged gun and 
Grumman fairing on projecting gun. 
Both fairings provide space around 
gun barrel for cooling air. 

Figure 28.- Gun fairings on F4F-3 airplane. 
(From reference 6.) 
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Figs. 28c, d 



(c) View of fairing 2 (wide) on submerged gun 
and Grumman fairing on projecting gun. 
Both fairings provide space around gun 
barrel for cooling air. 



(d) View of fairing 3 (narrow) on submerged 
gun and Grumman fairing on projecting 
gun. Both fairings provide space 
around gun barrel for cooling air. 

Figure 28.- Continued. 
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28e, f 


(e) View of submerged gun in unfaired 

condition and projecting gun with 
Grumman fairing. Rubber grommets 
installed around edges of fairing 
and wing opening. 



(f) View of faired wing opening for sub- 
merged gun and Grumman fairing on 
projecting gun. Both fairings pro- 
vide space around gun barrels for 

cooling air. CONFIDENTIAL 

Figure 28.- Concluded. 
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Figs. 29a, b 



(a) Underslung cannon installation. 


* 



(b) Submerged cannon installation. 

Figure 29 • - Wing-cannon installation on XF2A-2 airplane. 
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Figure 30*- Cannon drag increments on XF2A-2 airplane in Langley 

full-scale tunnel. R = 5.5 X 10^. 
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Figure 31«- Twenty-millimeter cannon installations on low-drag 
and conventional airfoil sections. 
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Figs. 32 a, b 
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(a) Drag increments of cannon on three NACA airfoil sections. 



(b) Drag increment of two cannon extensions compared with drag 
increment of rough spot on NACA 66(215)-216 airfoil 
section. 

Figure 32.- Twenty-millimeter cannon installations in Langley 

two-dimensional low- turbulence pressure tunnel. R - 6.0 X 10 6 . 
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Figure 34-- Cannon installations on model 01 XF6F airplane. 
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Figure 35*- Cannon installations on model of XF4U-1 airplane. 
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(b) OUTBOARD CANNON. 
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Figure 35.- Concluded. 
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Figs. 36a, b,c 






002 


0 Unfaired cannon 
+ Rounded fairings 
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.001 


Airplane lift coefficient, 

(c) Cannon installations on model of XF6F airplane in 
Langley 19-foot pressure tunnel. R = 6.15 X 10 6 . 


Figure 36.- Drag increments of several 80-millimeter cannon installations. 
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Figs. 37a, b 




Figure 37.- Cannon and fairing installations on model of wing 
of XA-41 airplane. Cannon are centered 0.005c and 0.010c 
. above chord line. Fairings are circular in cross section. 
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Symbol Position 

o On and 0.005c above chord 

+ 0.005c and 0.010c above chord 

x 0.005c and 0.010c above chord 

□ 0.005c and 0.010c above chord 


Remarks 

Shields 

Shields 

Short fairings 
Long fairings 


(a) Cannon without air flow. 
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Section lift coefficient, 
(b) Cannon with air flow. 




Figure 38.- Several cannon installations on model of wing of XA-41 airplane in 


Ames 7- by 10-foot tunnel, 
and 0.034c diameters. 


R = 6.35 X 10 6 . Holes around cannon have 0.032c 
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Figure 39.“ Cannon in-s tallat ion on P-51B airplane. 
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Figure 40.- 


Drag increments of cannon on P-51B 
full-scale tunnel. R = 6.0 X 


airplane in Langley 
10 6 . 
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Figure 41.- Cannon installation on F4U-1 airplane 
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Fig. 42 



Figure 42.- Twenty-millimeter cannon mock- 
up on F6F-3 airplane. 
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Figs. 43a, b 



(a) cannon installations on F6F - 3 airplane in Langley 
full-scale tunnel. R = 8.0 X 10 6 (approx). 



(b) cannon on F4U-1 airplane in Langley full-scale 
tunnel. R = 7.6 X 10^. 


Figure 43.- Drag increments of several 20 -millimeter 
cannon installations. 
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